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The paper examines the development of a system architecture to support smart fishing. This
includes the establishment of a blue data center, which would allow government agencies
and research institutions to access fisheries data. The goal is to provide policymakers with
the tools they need to efficiently manage artisanal fisheries resources. The architecture also
incorporates wireless communication components that are suitable for small-scale fishers
in remote areas. The study delves into the selection of appropriate wireless communication
technology for transmitting fishing data to the communication center. Factors such as
coverage range, data rates, and cost implications are taken into consideration. The
evaluation results indicate that long-range wide area network (LoRaWAN) technology is
the most suitable choice for facilitating the artisanal fishing architecture. LoRaWAN offers
satisfactory coverage distance, low power requirements, and an overall cost-effective
solution. The research underscores the significance of leveraging technological solutions to
advance the fisheries sector. It highlights the existing gap between current practices and
technological advancements, emphasizing the need for progress in this field. This study
contributes to applied communication science by addressing the real-world challenge of
selecting optimal low-power wireless technologies for sustainable blue data transmission

in artisanal fisheries.

Introduction

Smart fishing involves the use of high-tech digital
systems to optimize and manage fish harvested from
water resources (Mustafa 2016, Abdalla et al. 2022). The
deployment of advanced technological solutions in the
fisheries industry increases productivity and promotes
proper fishing practices (Yang et al. 2021). This
advantage ensures the sustainability of fish populations
and guarantees increased revenue streams for fishermen.
Additionally, smart fishing proves to be particularly
useful for small-scale fishermen who employ traditional
fishing methods (Andrew et al. 2007, Schuhbauer et al.
2019). Instead of making multiple physical visits to
fishing sites, which can be dangerous, inconvenient, time-
consuming, and costly, smart fishing enables remote
monitoring and visualization of fish from the landing
sites. As a result, fishermen can make informed decisions
about fish quality and plan their visits to fishing sites for
optimal harvesting. Given these advantages, researchers
must establish efficient methodologies and architectures
that support smart fishing.

Despite the potential benefits of smart fishing,
fishermen from most developing countries continue to use
traditional fishing methods (March and Pierre 2022,
Abdalla et al. 2023). This practice has resulted in frequent
reported misplacements and deaths of fishermen'?. In
Tanzania, there have been commendable efforts by the
country to address these concerns for advancing the
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fishing industry. For example, Zanzibar has recently
introduced the Blue Economy policy® that, among its
several  objectives, centers on  socio-economic
development through improvement of fisheries
infrastructure and related activities. The blue economy is
increasingly recognized as a critical frontier for
sustainable development, especially in coastal nations
where marine resources contribute significantly to
livelihoods and food security. However, most small-scale
fisheries remain underserved by modern digital
technologies that could enhance productivity, traceability,
and conservation.

Inspired by recent technological advances, we have
been developing a system architecture for smart fishing
over the past few years. In addition, a Blue Data Centre
has been integrated into the architecture, providing
government agencies and research institutions with
access to fisheries data. This data repository could assist
policymakers and administrators in developing strategic
plans for the efficient control and management of fish and
other related natural resources.

Compared to existing architectures (Benjelloun et al.
2022), our proposed architecture includes wireless
communication components specifically designed for
small-scale fishers in resource-constrained remote areas.
The architecture incorporates a microcontroller that
collects information from various wireless sensor nodes
deployed on fishing units, such as fish trap dema, fish
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finder, fish net, fishnet, or fishing vessel. The
microcontroller then transmits the aggregated sensor
information to the communication centre using wireless
communication technology. However, it is still unclear
which communication technology is most suitable for
transmitting blue data, which includes relevant fishing
data such as the locations and status of fishing gears, the
status of fish finders, vessel locations, and their respective
registration and licensing information, as well as the
volume and types of fish harvested. Therefore, the
objective of this study is to identify the most appropriate
wireless communication technology for supporting blue
data transmission in artisanal fisheries. Specifically, the
research question is ‘“Which wireless technology offers
the best trade-off between coverage, cost, power
efficiency, and data throughput for small-scale, resource-
constrained fishing environments? Thus, the study
investigates appropriate wireless technologies focusing
on applied low-power communication systems to support
blue data transfer in small-scale fisheries. By aligning
smart fishing architecture with real-world constraints in
power, cost, and coverage, the study advances applied
ICT solutions for resource sustainability.

Current Practices in the Fisheries Industry in
Tanzania

Fishery resources play a crucial role in providing food

and contributing to the local economy in the coastal areas
of Tanzania. Along the Tanzania coastline and
surrounding islands, a variety of fishing techniques are
used, including traditional methods such as basket traps,
fence traps, nets, and hook and line techniques (Jiddawi
and Ohman 2002).
The species composition and sizes of fish vary depending
on the type of gear, technique, and location. For instance,
Rehren et al. (2022) reported a total of 92 species from 29
families in the dema trap fishery in Zanzibar. On the other
hand, other fishing gears like nets have recorded even
more species, as observed by Jiddawi and Ohman (2002),
who documented over 60 families of fish from different
fishing gears in Matemwe and Mkokotoni.

In Tanzania, the artisanal fishery is characterized by the
use of simple, passive fishing gears. These gears are
mostly used in depths that do not exceed 30 meters. There
are at least 15 different types of fishing gears used,
including: gillnets, cast net, seine nets, drag nets, scoop
net, basket trap, fixed traps like weir and fence, handline,
longline, troll lines, octopus spearing spear, stick,
harpoons, mosquito net, machete, torch, and trawl net (Ali
et al. 2023).

In general, different vessels are used to catch different
types of fish, and most of them are not motorized. This
limits the ability of fishermen to venture far into offshore
waters. For instance, outrigger canoes primarily target
nearshore species like snappers, emperors, rabbitfish, and
groupers. On the other hand, dhows and larger boats are
used to catch larger fish such as marlin, kingfish, sailfish,
and tuna (Jiddawi and Ohman 2002). The various fishing
vessels used include: canoe, outrigger canoe, dhow, boat,
and dinghy.

Use of special equipment in small pelagic fishery

The use of special equipment, particularly fiber boats,

has seen a recent increase in the small pelagic fishery.
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This has resulted in improved catching ability, safety at
sea, and working conditions for fishermen, ultimately
leading to increased catches. For instance, in 2022, 13,000
tonnes of anchovies were caught in Zanzibar (OCG
2022). This artisanal fishery primarily utilizes purse seine
nets, seine nets, scoop nets, and ring nets operated by
motorized dhows and larger boats. Each fishing unit
typically consists of 15 to 25 crew members.
Additionally, this fishery plays a crucial role in regional
trade, with the majority of exported products (such as
dried anchovies) being sent to the Democratic Republic
of Congo (DRC) (Bodiguel and Breuil 2015). Fishing
activities are conducted on moonless nights, with fishers
using kerosene pressure lamps to attract schools of fish.
However, nowadays, generators are also being used.
Safety measures for pelagic fishers include empty fuel
containers, skiffs capable of accommodating up to 7
people, and fishing net floats and buoys.

The fishery acts prohibit the illegal use of fishing gears
such as undersized mesh gillnets, beach seines, spear
guns, and blast fishing. However, Jiddawi and Ohman
(2002) argue that the demand for fishery resources has
been steadily rising due to population growth and tourism
development. Consequently, fishing pressure and the
adoption of destructive gear and techniques have
increased. Despite being prohibited by law, these
destructive methods persist due to insufficient
surveillance, enforcement, and public awareness.

Use of GPS and a fish finder

In a study conducted by Mutia and Sailale (2021) to
explore the use of satellite remote sensing in identifying
and locating Potential Fishing Zones (PFZ) for the pelagic
fishery in the marine waters of Tanzania, it was found to
be useful. As a result, smartphones were provided to
artisanal fishermen to implement this practice. SMS
messages were sent to local fishermen to guide them on
where to locate fish, and according to the fishermen, this
greatly helped them. The data collected from this method
helped identify the peak fishing season and target areas
for fishermen. However, the high cost of smartphones
poses a challenge to the continuity of this practice.

Trials have been conducted by the Deep-Sea Fishing
Authority as presented by Simtowe et al. (2011), to assist
local communities in certain locations in using GPS for
locating fishing grounds and navigation. Fishermen were
given GPS devices to record the areas where they had
been fishing, which helped map potential fishing areas.
This has improved the time taken to reach fishing
grounds, increased precision in returning to previously
fished areas, and consequently increased income. For
example, the project trained and provided GPS devices to
three fishing communities in Kigamboni. The main
advantages of GPS include lower operating costs, precise
navigation, and robustness in bad weather situations.
Therefore, the use of GPS is crucial for reducing costs,
increasing efficiency, improving fisheries management,
and enhancing incomes. It is necessary to facilitate
fishers' access to better fishing grounds through training
and investment in Fish Aggregating Devices (FADs).

In terms of fishery support services, there are
specialized areas for fish craft building and repair, as well
as locally conducted fishing gear manufacturing sites.
However, there are very limited fish support services such
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as fish finders. According to a report in The Guardian
newspaper on December 7th, 2022, the Ministry of Blue
Economy Zanzibar plans to purchase 500 fishing boats,
each with a length of 7m and equipped with engines, fish
finders, and GPS.

Methodology

This study followed a structured comparative analysis
approach to identify the most suitable wireless
communication technology for artisanal fisheries data
transmission in coastal Tanzania. The evaluation
framework was built on four key criteria: (i) coverage
range, (ii) power efficiency, (iii) data rate, and (iv)
implementation cost. Data were obtained from a
combination of peer-reviewed literature, vendor
specifications, and technical reports. Technologies
analyzed included LoRaWAN, WiFi, GSM, Zigbee,
WiMAX, Bluetooth, and satellite systems. Each
technology was evaluated based on its performance in
small-scale, low-resource coastal environments. We
performed a benchmarking exercise by mapping technical
characteristics  (e.g., range, power consumption,
bandwidth) against the specific constraints observed in
Tanzanian artisanal fisheries (e.g., low vessel power
supply, long-range needs, infrastructure gaps). No field
deployments were conducted; rather, we conducted a
structured comparison informed by real-world use cases
and performance reports. To validate suitability,
qualitative thresholds were defined based on operational
requirements in the field (e.g., minimum 5 km range,
battery-based operation, data rates suitable for sensor
telemetry). Technologies that failed to meet minimum
constraints in two or more categories were excluded from
final recommendations. The data used in this study were
derived from secondary sources, including peer-reviewed
journal articles, technical datasheets, and vendor
documentation published between 2018 and 2023.
Specific parameter values (e.g., transmission range, data
rate, power consumption) were extracted from sources
listed in the references. Where multiple values were
available, average or representative values were selected
based on common usage in related deployments. No raw
or field-collected datasets were used; instead, a structured
desk review was conducted to ensure comparability
across technologies under similar environmental
assumptions.
Overview of Wireless Communication Technologies

Artisanal fisheries are crucial for coastal communities
around the world, as they contribute to local economies,
food security, and cultural heritage (Lancker et al. 2019).
However, artisanal fishing faces several challenges,
including limited access to resources, competition from
industrial fishing, sustainability concerns, and economic
viability. Efforts are being made to support and promote
sustainable artisanal fishing practices, protect the rights of
small-scale fishermen, and ensure the long-term viability
of coastal communities that depend on artisanal fisheries
(Rousseau et al. 2019; Martinez-Escauriaza et al. 2021).

Artisanal fishermen have the option to utilize various
wireless communication technologies to improve their
fishing operations, safety, and connectivity with the wider
fishing community (Bedén et al. 2021). While the
availability and adoption of specific technologies can
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vary depending on the region and infrastructure, common
wireless communication technologies include mobile
phones connected to public networks, two-way radio
using radio frequencies (RF), satellite communication,
radio beacons and emergency locators, internet access
through web-based platforms, WiFi, and Bluetooth
technology. The availability and usage of these wireless
communication technologies can vary depending on
factors such as infrastructure, affordability, literacy
levels, and government regulations.

Mobile phones are widely accessible and commonly
used by artisanal fishermen. They provide voice
communication capabilities, allowing fishermen to stay in
touch with each other, coordinate fishing activities, and
communicate with their families or local fishery
management authorities (Meyer et al. 2022). Mobile
phones also provide access to SMS messaging, which can
be useful for receiving weather updates, market
information, or emergency alerts.

Artisanal fishery plays a vital role in many coastal
communities worldwide, contributing to local economies,
food security, and cultural heritage (Lancker et al. 2019).
However, artisanal fishing faces various challenges,
including limited access to resources, competition with
industrial fishing, sustainability concerns, and economic
viability. Efforts are being made to support and promote
sustainable artisanal fishing practices, protect the rights of
small-scale fishermen, and ensure the long-term viability
of coastal communities dependent on artisanal fisheries
(Rousseau et al. 2019, Martinez-Escauriaza et al. 2021).

Artisanal fishermen can utilize a range of wireless

communication technologies to enhance their fishing
operations, safety, and connectivity with the wider fishing
community (Bedon et al. 2021). While the availability and
adoption of specific technologies can vary depending on
the region and infrastructure, the common wireless
communication technologies include mobile phones
through public networks, radio frequency (RF) two-way
radio, satellite, radio beacons and emergency locators,
internet through web-based platforms, WiFi and
Bluetooth technology. The availability and usage of these
wireless communication technologies can vary depending
on factors such as infrastructure, affordability, literacy
levels, and government regulations.
Mobile phones are widely accessible and commonly used
by artisanal fishermen. They provide voice
communication capabilities, allowing fishermen to stay in
touch with each other, coordinate fishing activities, and
communicate with their families or local fishery
management authorities (Meyer et al. 2022). Mobile
phones also enable access to SMS messaging, which can
be wuseful for receiving weather updates, market
information, or emergency alerts.

Radio frequency communication technologies, such as
VHF (Very High Frequency) radios and handheld
transceivers, play a crucial role in the fishing industry.
VHF radios are commonly used by fishermen on ships to
communicate with each other and shore-based stations.
They operate within specific frequency ranges and may
require licensing in certain regions. Handheld
transceivers, on the other hand, allow direct
communication between nearby fishermen, facilitating
coordination and information sharing (Calvert 1998).
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In remote areas or offshore fishing grounds with limited
or no mobile network coverage, artisanal fishermen rely
on satellite communication systems (Belhabib et al.
2020). These satellite systems enable voice calls, text
messaging, and data transmission, empowering fishermen
to communicate with others beyond the reach of terrestrial
networks (McClellan and Read 2010).

To ensure safety at sea, artisanal fishermen often equip
their vessels with emergency communication and safety
devices, such as emergency position-indicating radio
beacons (EPIRBs) or personal locator beacons (PLBs)
(Torres-Irineo et al. 2014). These devices can transmit
distress signals with precise location information to
search and rescue authorities in case of emergencies
(Sharma and Sethulakshmi 2019).

Moreover, in areas with internet connectivity, artisanal

fishermen can take advantage of web-based platforms,
forums, and social media groups to exchange information,
share fishing insights, discuss market trends, and stay
updated on weather conditions or fishing regulations
(Mallqui et al. 2019, Kusyama et al. 2022). These
platforms serve as valuable tools for knowledge sharing,
networking, and collaboration within the fishing
community.
WiFi technology can be used in fishing harbors, landing
sites, and community centers to provide local wireless
connectivity (Aisyah et al. 2022). Fishermen can use WiFi
to access the internet, communicate, and access online
resources like weather forecasts or fishing regulations
(Pramana et al. 2021).

Bluetooth technology, in addition to WiFi, enables
short-range wireless communication between devices in
proximity (Syefriana and Yohandri 2020). Fishermen can
use Bluetooth-enabled devices to share information,
exchange data, or connect peripheral devices such as
sensors, GPS devices, or navigation systems (Behivoke et
al. 2021, Kim et al. 2021).

Mesh networks use multiple interconnected devices to
create a local network. In areas with limited connectivity,
fishermen can create mesh networks using devices like
smartphones or portable routers (Hsu et al. 2019). This
allows them to establish communication within the
network without relying on external infrastructure.

In certain instances, artisanal fishermen may receive
support or initiatives from governmental or non-
governmental organizations to improve their access to
communication technologies, especially about safety and
disaster response (Soejima and Frangoudes 2019). Local
fishermen's associations or cooperatives frequently
establish their own communication networks to facilitate
the sharing of information and coordination among
members (Mizuta and Vlachopoulou 2017). These
networks may incorporate dedicated radios, phone
directories, or community notice boards, enabling
fishermen to share updates, exchange tips, or seek
assistance (Puley and Charles 2022).

Evaluation of the Wireless Technologies for Blue Data
Communication
Wireless technologies in land environment

Communications at sea are currently limited to the use
of high frequency/very high frequency (HF/VHF) and
satellite. HF communications have been extensively used
to enable buoy-to-shore data transmissions, but they are
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proprietary and narrowband (Campos et al. 2016). VHF
radios have been deployed to facilitate ship-to-ship and
ship-to-shore communications, but they are also
narrowband and limited to voice applications (Jorge and
Santos 2013). Satellite communications can be used to
access the Internet at sea and are commonly used to
transmit data collected underwater, but they are
proprietary, unaffordable, and still limited in bandwidth
(Lopes et al. 2014). Broadband, standard wireless
communications are available using land-based cellular
networks and Wi-Fi communications at 2.4 GHz and 5
GHz unlicensed frequency bands, but typically enable
near-shore operations only.

Several research works have been conducted to explore
maritime communications solutions using WiMAX
technology. For example, buoy-to-ship point-to-point
communications have been evaluated using the 5.8 GHz
licensed band (Lopes et al. 2014). WiMAX can provide
broadband wireless access to users on board ships near the
seaport area or coast. Additionally, WiIMAX can serve as
an alternative to satellite links for multimedia
communications among different units within a few
kilometers.

Other research has been conducted on Wi-Fi-based,
long-range maritime communications, specifically
focusing on providing high bitrate and cost-effective
Internet access for fisheries (Jorge and Santos 2013). The
findings from this study demonstrated the feasibility of
achieving broadband ship-to-shore IP-based data
communications within a transmission range of
approximately 10 km. However, the use of Wi-Fi relies
on the availability of ships to establish a multi-hop
network, and real-time ship-to-shore communications
cannot be guaranteed.  Additionally, wireless
communications near the water surface are subject to
significant propagation limitations and are influenced by
ocean conditions. In a separate study by (Campos et al.
2016), an alternative approach involving the use of
balloons to lift radio relays in the sea was introduced,
enabling wireless communications that are not restricted
by sea conditions. However, this method has thus far been
limited to single-hop communications and has primarily
been utilized in military environments.

In the study conducted by Campos et al. (2016), an
innovative communications solution was developed to
provide broadband, cost-effective Internet access to
remote ocean areas for regular devices. This solution
utilizes standard wireless access technologies such as Wi-
Fi and GPRS/UMTS/LTE. By deploying communication
nodes at high altitudes, line-of-sight coverage is
maximized, creating an airborne communications
network that extends wired and wireless Internet access
from shore to remote ocean areas.

The wuse of low-cost and low-power wireless
technologies, such as IEEE 802.11af, which operate in
sub-GHz frequency bands, has been discussed in a study
by Zawia et al. (2018). IEEE 802.11af allows for
communication range of up to 10 km when antennas are
installed at high altitudes. The BLUECOM+ solution
leverages multi-hop relaying techniques to extend the
range from the gateway node to the communication node
on shore (Campos et al. 2016). This solution utilizes air-
air links at 500 MHz and LTE air-surface links running at



Tanz. J. Sci. Vol. 51(4) 2025

800 MHz, enabling land-sea communications at a rate of

3 Mbit/s up to 150 km from shore. Table 1 provides a

summary of the wireless technologies commonly
deployed for data transmission in the blue economy.

Table 1: Comparison of different wireless technologies in the land environment

Solution Technology Coverage Range Data Rates Application

BLUECOM+ 500MHz for air-air interface and  Land-sea Real-time Provide internet

(Campos etal. LTE at 800MHz for air-surface communication communications up to  access between

2016) interface up to 150 km 3 Mbit/s land and sea

from the shore

(Lopez et al. Zigbee IEEE 802.154,24 GHz <75m 250 Kbps Used in fish

2010) farm pH and
temperature
monitoring

(Lopes et al. WiFi IEEE 802.11a; 802.11b/g/n <100 m 11/54/300 Mbps Point to point

2014) 5.8 GHz 2.4 GHz link between
fishing ship and
shore in
maritime
application

(Zawia et al. Bluetooth IEEE 802.15.1, 2.4 Up to 100m Up to 480Mbps

2018) GHz

(Lopes et al. WiMAX IEEE 802.16, 2—-11 <10 km <75 Mbps In marine

2014) GHz communication

(Alselek etal.  GSM,850/900/1800/1900 MHz Dependent on 9.6 Kbps

2022) service provider

GPRS, 850/900/1800/1900 MHz  Dependent on 56—144 Kbps
service provider

(Chen et al. LoRaWAN, 433 and 915MHz Up to 8km 300 bits/s to 50 Kbit/s ~ Used to monitor

2022) water quality in
fish farm

The Long-Range Wide Area Network (LoRaWAN) is presented in Figure 1 wuses acoustic waves for

an emerging wireless technology that can cover distances
of up to 20 km using the unlicensed Industrial Scientific
Mechanical (ISM) band. In an implemented IoT-based
system, LoORaWAN has been used as a data transmission
technology to monitor the water quality of fish farms
(Chen et al. 2022). LoRaWAN can achieve data transfer
rates ranging from 300 bits/s to 50 kbps and operates on a
433 or 915 MHz signal bandwidth. The network supports
adaptive data transfer rates to ensure signal reliability in
changing conditions. In the farming environment,
LoRaWAN reached a transmission distance of 4 km
without line-of-sight (LoS) and up to 8 km with LoS
(Chen et al. 2022). The advantage of LoRaWAN for users
is the ability to develop distributed nodes and integrate
them into a commercial network, or establish a private
network using their own LoRa area network. The
technology also minimizes battery usage, especially when
implemented with the Time Division Multiple Access
Control (TDMA) mechanism (Shayo et al. 2023).
Communication technologies in undersea
environment

The communication and navigation in the undersea
environment are challenging unlike the terrestrial
environment where radio frequencies can support WiFi
and cellular networks as well as positioning systems such
as GPS (Kaushal and Kaddoum 2016). The problem for
reliable underwater communication is due to the wide
range of physical processes in underwater environments.
The existing underwater technology architecture
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communication whose performance is limited by low
bandwidth, high transmission losses, time-varying
multipath propagation, high latency and Doppler spread
(Murad 2022).

Communication and navigation in the undersea
environment pose unique challenges compared to the
terrestrial environment. Unlike on land, where radio
frequencies can support various technologies like WiFi,
cellular networks, and GPS, underwater communication
faces significant obstacles. These obstacles stem from the
diverse array of physical processes that occur in
underwater environments. The current architecture for
underwater technology relies on acoustic waves for
communication. However, this approach is hindered by
limitations including low bandwidth, high transmission
losses, time-varying multipath propagation, high latency,
and Doppler spread (Murad 2022).

Acoustic modems are mainly used for transmitting data
in the undersea environment. However, the amount of
data that can be transmitted is still smaller compared to
what can be transmitted on land (Mohsan et al. 2022).
Underwater acoustic communication currently supports
data rates up to tens of kbps for long distances spanning
kilometers, and up to hundreds of kbps for short distances
(a few meters). The acoustic link is classified as very long,
long, medium, short, or very short, depending on the
transmission distance (Table 2).
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Table 2: Classification of Acoustic Link

Parameters\Classification Very long Long Medium Short Very short
Range (km) 1000 10-100 1-10 0.1-1 <0.1
Bandwidth(kHz) <1 2-5 About 10 20-50 >100

Data rate (Approximately)  600bps Skbps 10kbps 30 500kbps

Various underwater vehicles and sensors require a
communication link with data rates ranging from a few to
tens of Mbps. Large and stationary devices can use fiber
optic or copper cables to achieve high data rates, but these
options require significant engineering and maintenance.
However, advancements in microprocessors have led to
the development of on-board systems that process and
analyze data on the platform. These systems transmit only
the results rather than the entire observed data stream
(Campagnaro et al. 2023).

Electromagnetic (EM) waves in the radio frequency
(RF) range can be a good option for underwater wireless

communication. They can achieve high data rate transfer
in short distances at low frequencies, typically between
30 and 300 Hz (Ayaz and Uddin 2023). RF waves are also
able to tolerate turbidity and turbulence in water.
However, it is important to note that the attenuation of RF
waves increases with frequency and they are heavily
attenuated by seawater (Wan Hassan et al. 2022). Because
of these factors, EM waves are not efficient for long-
distance communication and lack channel control.

Table 3: Comparison of Undersea Communication Technologies

Parameters Acoustic RF Optical
Attenuation 0.1 -4 dB/km 3.5-5 db/m 0.39 dB/m (ocean)
11dBm (turbid)

Speed (m/s) 1500 m/s About 2.255exp8 About 2.255exp8
Data rate Approx kbps Approx Mbps Approx Gbps
Latency High Moderate Low
Distance Up to kms Up to about 10meters About 10-100meters
Bandwidth 1-100 kHz, depending ~ About MHz 10-150 MHz

on distance
Frequency band 10-15kHz 30-300 Hz Exp 12 to exp 15

Transmission power Tens of Watts

Few Mw to hundreds of

Watts

Few Watts

On the other hand, optical waves have high bandwidth
but are affected by other propagation effects such as
temperature fluctuations, scattering, dispersion, and beam
steering. Long fiber-optic cables can carry multiplexed
data to the surface, offering real-time underwater
communication and multimedia applications (Kaushal
and Kaddoum 2016). Optical communication technology
also offers smaller size and cost-effectiveness, as
transceivers use laser diodes and photodiodes. This makes
it possible for the next-generation Internet to deliver high
bandwidth anywhere in the world. However, it is
important to note that underwater communication using
optical waves is limited to short distances due to severe
water absorption at the optical frequency band and strong
backscatter from suspended particles (Ayaz and Uddin
2023). Nevertheless, among the three major technologies
differentiated in Table 3, optical communication
technology stands out as the over-performing option for
underwater communication. This is because there is a
relatively low-attenuation optical window of blue-green
wavelengths in the electromagnetic (EM) spectrum
underwater.

Power constraints on wireless technologies

On the technology side, power availability continues to
be a challenge. The longer a radio module needs to
transmit, the more energy it will consume. The choice of
wireless communication technology depends on factors
such as the amount and frequency of data to be
transmitted, transmission distance, and available energy.
To address the power challenge, slow-moving or passive
devices like floats and gliders can be used to sample the
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ocean for extended periods, although they can only cover
a small area. Self-propelled systems require significant
power to move through the ocean, and power
consumption increases non-linearly with speed, leading to
a drain on battery power. However, power-harvesting
systems are being developed for ocean surface platforms
like the Wave Glider or Saildrone (Yang et al. 2022).
These platforms can harness wind and solar energy,
allowing them to operate for months or even years.
Bottom-mounted systems that utilize microbial fuel cells
have also been deployed (Zhang et al. 2011). These fuel
cells generate power by taking advantage of the natural
oxidation of organic material in the sea. New battery
technologies, such as aluminum-based systems that use
seawater, show promise in significantly increasing battery
capacity (Ali et al. 2023).

Conclusion

The primary objective of this study was to ascertain the
optimal wireless communication technology for the
efficient transmission of fisheries data. This investigation
took into consideration various factors, including
coverage range, power limitations, data rates, and
implementation costs. Based on the findings, it is
recommended that LoRaWAN technology be selected as
the most suitable option, considering the aforementioned
factors. Consequently, LoRaWAN will be incorporated
into the smart fishing architecture to facilitate the
transmission of pertinent data from the sensors to the
communication center, thereby supporting artisanal
fishery. This research underscores the significance of
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bridging the divide between technological solutions and
ongoing initiatives that seek to advance Tanzania's
fisheries sector. By establishing an intelligent fishing
system architecture and integrating a blue data center,
policymakers and administrators can have access to
fisheries data, enabling them to devise strategic plans for
effective resource management. The study thus
contributes to the field of applied wireless technologies
with practical implications for data-driven marine
resource management.
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